A model for the stochastic determination of the elements of production cycle time is proposed and experimentally verified in this survey. The originality of the model is reflected in the idea of using a work sampling model to monitor the production cycle, as one of the most significant indicators of production effectiveness and efficiency, instead of applying classical methods. It has been experimentally proved that for a corresponding representative set the elements of working time range according to normal distribution law and that, dynamically viewed, it is possible using mean value calculations to establish control limits on 3 standard deviations for the individual elements of working time and thus to master the process.
INTRODUCTION
The most important organizational-technical indicators of production successfulness are the level of capacity utilization and the production cycle. These indicators are actually influenced by a series of organizational-technical, mutually interconnected, factors which impact on the elements of working time related to the machine capacity utilization and production cycle of a certain product. The goal is, in general, to reduce the total production cycle time, especially that associated with different types of stoppage and the optimization of lead time and machine time within the sphere of machine capacity utilization. Additionally, the optimization of time for transport, control, and packing is also of importance for the production cycle. Reduced cycle time can be translated into increased customer satisfaction. Quick response companies are able to launch new products earlier, penetrate new markets faster, meet changing demand, and make rapid and timely deliveries. They can also offer their customers lower costs because quick response companies have streamlined processes with low inventory and less obsolete stock.
Consequently, the aim of this paper is to set up a model for the stochastic determination of the elements of production cycle time. Using a modified work sampling method, it has been experimentally proved in this paper that for a corresponding representative set the elements of working time range according to normal distribution law. Also, dynamically viewed, it is possible using mean value calculations to establish control limits on 3 standard deviations for some individual elements of working time and thus to master the process.
LITERATURE REVIEW
In the past, in both theory and practice, increased attention was focused on the level of machine capacity utilization because machines were more costly and thereby had a greater impact on production effectiveness. A special contribution here was made by L. H. C. Tippett (1902 Tippett ( -1985 who first applied his method of work sampling in the textile industry (according to Barnes, R., 1957) . Nevertheless, the classical work sampling method established by Tippett (according to Barnes, R., 1957; Maynard, 1971; Moder, 1980) is not appropriate for contemporary production systems, because in his research the main stoppage was due to poor material quality. Despite its shortcomings, this method is still used in production practice and is found in all industrial engineering text-books (Richardson and Eleanor, 1982) . The indispensible modification of the method presented by Klarin et al. (2000) aims to explain and justify both the necessity and importance of using the shift level of the utilization of capacity as the stochastic variable in determining the total level of capacity utilization in the production process by using the method of work sampling on a sample comprising 74 Serbian companies. The conclusion drawn is that the shift level of capacity utilization as the stochastic variable in work sampling is the model which solves the problem of determining the total level of capacity utilization in a convenient way with accurate results. On the other hand, on the basis of Klarin et al. (2000) , Elnekave and Gilad (2006) propose a digital video-based approach to enhance work measurement and analysis by facilitating the generation of rapid time standards, which serves as a computerized tool for remote work measurement with the ability to derive the rapid generation of time standards. The application of the modified work sampling method in the processing industry indicates that the methods of monitoring capacity utilization applied in the processing industry such as cement production may also be used in the metalworking industry which has a high level of capacity utilization. Hence, the results of the analysis indicate that when the level of capacity utilization is high, this variable may be observed per day as stochastic, while, per machine, it may be a random variable (Klarin et al., 2010) . It is evident that today the more significant problem of monitoring and influencing the production cycle (the period from the item's entry into the production process to the receipt of a finished product and its packing) is by far less present in the literature.
In (Niebel, 1980) an experimental example illustrates the determination of the elements of production cycle time, showing that production cycle C is divided into only three elements of cycle time, C = T 1 + T 2 + T 3 where: T 1 = running time to produce one unit of output, T 2 = normal time to service a stopped machine and T 3 = time lost by normal operator working because of machine interference.
In paper by Agrawal et al. (2000) an approach to improve MRP-based production planning by means of targeting minimal product cycle times is presented. A number of works (Giri and Yun, 2005; Tzu-Hsien, 2009 ) consider the impact of machine breakdown on production cycle time, while Barbiroli and Raggi (2003) studied technical and economic performances related to innovations in the production cycle environment. An inventory model is linked with production cycle optimization in (Kun-Jen et al., 2009), whereas paper (Kodek and Krisper, 2004) gives an optimal algorithm for minimizing production cycle time for assembly lines, using linear mathematical programming which requires extensive calculations.
Models based on stochastic functions, or instantaneous observation methods (work sampling), have not been encountered in literature despite their ability to offer a simpler but accurate enough solution to the problem.
THE BASICS OF A STOCHASTIC MODEL TO DETERMINE THE ELEMENTS OF PRODUCTION CYCLE TIME
For the purpose of analysis, the production cycle is essentially divided into production time -t p and nonproduction time t np (Čala et al., 2011) . Nonproduction time involves diverse stoppage factors related directly or indirectly to man's positive or negative attitude towards production. These stoppages, characteristic of small and medium-sized enterprises in the metalworking industry, are, as a rule, longer than the necessary production times and are more difficult to shorten. The optimal production cycle is that which is the shortest for the same product quality and price. The most common division of production cycle time in literature is production time -t p divided into technological time -t t , with machine t tm and lead time t pf , nontechnological time -t nt with time of control -t c , transportation -t tr and packaging -t pk . Nonproduction time is classified according to various causes of stoppages in production, and we have made the screening of the most general and common ones caused by the lack of raw materials -t mr , tools -t tl , organization -t o , machine breakdown -t b and other troubles -t ot (Čala et al., 2011) .
The representativeness of a screening sample per number and time of screening was established by mathematical parameters, SD and control limits, where the elements of PC time are observed as the elements of the process function (Barnes, 1957; Maynard, 1971; Moder, 1980; Niebel, 1980; Richardson and Eleanor, 1982; Klarin et al., 2010; Čala et al., 2011) .
A STOCHASTIC MODEL -THE APPLICATION
The model was applied in 2011 and involved a larger number of Serbian enterprises. The results obtained for three characteristic enterprises will be presented here. It is inferred that to master the process in metalworking industry conditions with a cycle designed for one shift duration and a corresponding series, it is necessary to make approximately 50 daily screenings and 1000 instantaneous observations, and the production cycle time is a stochastic variable that ranges along normal distance. This example shows that the hypothesis that it is possible to apply a work sampling method in monitoring the production cycle has been proved, which represents an original approach to solving this problem. The second experiment is related to a plant that produces military and firemen clothing. Screenings were carried out from September 27, 2011 to November 13, 2011. Monitoring comprised 26 production cycles of different types there were 932 observations in total, while the total time for all cycles amounts to 15,293 min. The average production cycle time -t pc is 325 min and the average production cycle time per unit t pc is 56.2 min.
Investigations related to the coefficient of running time as a function of the series size and where PC was analytically monitored from the plant's records did not include in-depth analysis of relationships between the series. 
Since SD < σ` the stratification was unsuccessful, which means that in this enterprise there is no feature distinguishing PC with different number of units in a series, but the reduction of time per unit is exclusively the result of technological time, i.e., the elements of working time and number of units. 
